ABSTRACT
cancer metastasis. Leukocyte adhesion is a multiple-step phenomenon, which is 55 initiated by tethering and rolling followed by firm adhesion (32, 53) . It is also 56 believed that the adhesion cascade of circulating tumor cells (CTCs) can be 57 formulated in the same context (6, 20) . In order to gain insights into these 58 intravital events, experimental studies of cell adhesion, particularly focusing on 59 leukocyte rolling at physiological flow rates, have been widely conducted in vitro 60 (25, 52) and in vivo (2, 46, 59) .
These studies revealed that a weak in vitro (12, 21, 25), ex vivo (22), and in vivo (23, 50 
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where F ad is the binding force, G ad is the spring constant, r ij = r i -r j is the relative 135 position of an adherent point on membrane to the wall surface, and r 0 is the 136 reference length of the spring. In this study, the reference length was assumed to 137 be the same as the length of microvilli, r 0 = 0.5 µm (5).
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In Bell's model (4), the dissociation (k off ) and association (k on ) rates are given 
RESULTS
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Rolling motion and bullet motion 196 We also compared bullet and rolling motions in other conditions listed in 197 Table 2 , where shear rate, membrane shear elasticity, bond spring constant, size for all shear rates tested ( Fig. 5A ), falling to less than 0.1 μm/s for R/a = 0.75 (Fig 2A) . However, in capillaries with R/a ≤ 1, the cell instead 290 exhibited bullet motion.
291
Bullet motion dramatically decreased cell velocity even with a small number 292 of bonds (Fig. 2) 
